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(54) VISIBLE LIGHT-TYPE PHOTOCATALYST AND METHOD FOR PRODUCING THE SAME 

(57)Abstract 

PROBLEM TO BE SOLVED: To produce a photocatalyst having visible light activity, and to provide a method for 
producing the same, a photo-decomposition method with light containing visible rays using the photocatalyst and a 
device using the photocatalyst 

SOLUTION: The photocatalyst is an oxide semiconductor such as anatase- type titanium dioxide, which has stable 
oxygen defects and is active under visible light irradiation. The method for producing the visible light-type 
photocatalyst comprises subjecting the oxide semiconductor to hydrogen plasma treatment or plasma treatment in 
plasma of rare gas elements under such a condition that the intrusion of the atmosphere into the treatment system is 
substantially avoided. A material obtained by loading the catalyst onto a base material is also provided. A 
decomposition method of a substance, comprising bringing the substance to be decomposed into contact with the 
catalyst irradiated with the light containing at least visible light, is provided. The new catalyst capable of utilizing even 
visible light, and a method comprising using this photocatalyst and photo-decomposing/removing various substances 
containing organic substances or bacteria are provided. 
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CLAIMS 

[Claim(s)] , r j . . . , 

[Claim 1] In ESR which is the titanium-dioxide oxide which has the stable oxygen defect and was measured the inside 
of a vacuum. 77K, and under dark The signal whose g values are 2.003-4 is observed, and the signal whose g values of 
a parenthesis are 2.003-4 The inside of a vacuum. The catalyst which has activity under the light irradiation 
characterized by the intensity of a signal being larger than the case where it is measured under dark 
above-mentioned ] when the light of the wavelength of at least 420nm - 600nm range is measured under irradiation in 
77K. 

[Claim 2] The catalyst according to claim 1 whose titanium dioxide is an anatase type or a rutile type. 

[Claim 3] The catalyst according to claim 1 whose diameter of a primary particle titanium dioxides are anatase type 

titanium oxide fine particles, and is lOnm or less. 

[Claim 4] A catalyst given in any 1 term of the claims 1-3 which do not have substantially any patterns other than an 
anatase type titanium dioxide in the diffraction pattern from which a titanium dioxide is obtained according to an X 
diffraction (XRD). . . . 

[Claim 5] A catalyst given in any 1 term of the claims 1-4 which have NOx oxidization activity under at least 
400-600nm light irradiation. 

[Claim 6] A catalyst given in any 1 term of the claims 1-5 whose ratios (01second/Ti2p) of the area of a peak which 
belong to 1 s-electron of the oxygen combined with titanium to the area of the peak which belongs to 2 p-electrons of 
the titanium obtained by X-ray photoelectron spectroscopy are 1.99 or less. 

[Claim 7] The catalyst according to claim 6 the ranges of whose surface ratio (01 second/Ti2p) are 1.5-1.95. 

[Claim 8] The catalyst according to claim 6 or 7 whose surface ratio (01 second/Ti2p) is substantially fixed one week or 

[Clatm 9] A catalyst given in any 1 term of claims 1-80 by which the signal which belongs to Ti3+ g value indicates 1.96 
to be in 77K and ESR measured under dark is not substantially observed among a vacuum. 

[Claim 10] The manufacture method of a catalyst of having activity under the light irradiation which is the method of 
carrying out hydrogen plasma treatment of the titanium dioxide, and is characterized by performing the 
above-mentioned processing in the state where there is no invasion of the atmosphere into a processor substantially. 
[Claim 11] The manufacture method of a catalyst of having activity under the light irradiation which is the method of 
carrying out rare-gas element plasma treatment of the titanium dioxide, and is characterized by performing the 
above-mentioned processing in the state where there is no invasion of the atmosphere into a processor substantially. 
[Claim 12] The manufacture method according to claim 10 or 11 that the state where there is no invasion of the 
atmosphere into a processor substantially is in the state of taking 10 minutes at least for 1 torr of degree of vacuums 
of the sealed system to change. . 
[Claim 13] The manufacture method of a catalyst of having activity in part at least under the light irradiation 
characterized by the thing of the front face of a titanium dioxide to do for the ion implantation of the rare-gas element 

[Claim 14] The manufacture method of a catalyst of having activity under the light irradiation characterized by heating 
a titanium dioxide under a vacuum. 

[Claim 15] The manufacture method given in any 1 term of the claims 10-14 whose titanium dioxides are - ZE type 
titanium dioxides. 

[Claim 16] The manufacture method of a catalyst of having activity under the light irradiation characterized by heating 
an anatase type titanium dioxide at 400 degrees C or more under a vacuum 1 torr or less. 

[Claim 17] The catalyst which has activity under the light irradiation manufactured by the method given in any 1 term 
of claims 10-16. 

[Claim 18] claim 1- whose activity under light irradiation is oxidization activity or reduction activity — a catalyst given 
in any 1 term of 9 and 17 

[Claim 19] claim 1- the activity under light irradiation is the decomposition activity of an inorganic substance or the 
organic substance, or is [ - ] sterilization activity — a catalyst given in any 1 term of 9 and 17 

[Claim 20] A catalyst given in the claims 1-9 which are the shape of a particle, the shape of a thin film, and a tabular, 
and any 1 term of 17-19. 

[Claim 21] Goods characterized by preparing a catalyst given in claims 1-9 and any 1 term of 17-20 in a base-material 
front face. . . 

[Claim 22] Goods according to claim 21 whose base material is the skin of a building, a roof superficies roof side, 
windowpane superficies or a windowpane inside, the wall surface of the room, a floor line or a ceiling side, a blind, a 
curtain, the protective barrier of a passage, the wall of a tunnel, the superficies of a floodlight or a reflector, the interior 
side of vehicles, a mirror side, windowpane superficies, or a windowpane inside. 

[Claim 23] The photolysis method of the matter of contacting the medium containing a decomposition product-ed on a 
catalyst or goods according to claim 21 or 22 given in claims 1-9 and any 1 term of 17-20. and making the 
aforementioned decomposition product-ed decomposing into them under the optical irradiation containing the light. 
[Claim 24] The way according to claim 23 decomposition products-ed are at least one sort of matter chosen from the 
group which consists of an inorganic compound, an organic compound, a microorganism biomass, and a tumor cell. 
[Claim 25] The way according to claim 23 or 24 a medium is water or air. 

[Claim 26] A method given in any 1 term of the claims 23-25 whose light containing the light is sunrays or an artificial 
beam of light 



1 



[Claim 27] The way according to claim 26 an artificial beam of light is a beam of light from a fluorescent lamp, an 
incandescent lamp, and/or a halogen lamp. . 
[Claim 28] Photolysis equipment which becomes the photo catalyst unit which prepared the catalyst given in claims i a 
and any 1 term of 17-20 in the base-material front face, and the aforementioned photocatalyst from the light source 
for irradiating the light containing the light . . 

[Claim 29] Equipment according to claim 28 whose light sources for irradiating the light containing the light are a 
fluorescent lamp, an incandescent lamp, and/or a halogen lamp. [Claim 30] The electrode for solar batteries using the 
material which becomes claims 1-9 and any 1 term of 17-20 from the catalyst of a publication. 

[Claim 31] The electrode for photolyses of the water using the material which becomes claims 1-9 and any 1 term of 
1 7-20 from the catalyst of a publication. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] , 

[0001] A technical field this invention relates to the equipment using the photocatalyst which has light activity, the 
manufacture method of this photocatalyst the photolysis method using light including the visible ray using this catalyst, 
and this photocatalyst . 
[0002] Various things for which deodorization and sterilization are performed using a background technical 
photocatalyst are examined, and have some which are put in practical use. For example, the air art by the photocatalyst 
under indoor lighting is indicated by WO 94/No. 1 1092. Moreover, the prevention method of the hospital infection which 
used the photocatalyst is indicated by JP,7-102678,A. In any case, ultraviolet rays 400nm or less are required as an 
excitation light, using oxide semiconductors, such as a titanium dioxide, as a photocatalyst However, the visible ray is 
also included in the sunlight and the artificial light used as the excitation light source in addition to ultraviolet rays. 
However, in the photocatalyst which consists of oxide semiconductors, such as the above-mentioned titanium dioxide, 
the visible ray was not used but was very inefficient-like from a viewpoint of an energy conversion efficiency. Although 
it is known that photocatalyst activity will be obtained also in a light field by pouring metal ions, such as chromium, into 
a titanium dioxide with ion-implantation, a method is large-scale and far from utilization. By the way, it is reported that 
the catalytic activity by ultraviolet rays can be raised by making TiC coating a titanium dioxide by the plasma CVD 
method (JP.9-87857.A). However, it is not indicated that the photocatalyst activity by the visible ray is obtained by TiC 
coating. Then, the 1 st purpose of this invention is to offer the new photocatalyst which can also use a visible ray. 
further — the 2nd purpose of this invention — the above — it is in offering the manufacture method of a new 
photocatalyst further — the 3rd purpose of this invention — the above — it is in offering the method of 
photodissociating and removing the various matter which contains the organic substance and bacteria using a new 
photocatalyst further — the 4th purpose of this invention — the above — it is in offering the equipment using the new 
photocatalyst . . 

[0003] The summary this invention of invention relates to the catalyst which has activity under the light irradiation 
characterized by being the oxide semiconductor which has the stable oxygen defect As an oxide semiconductor, an 
oxidization hafnium, a zirconium oxide, a strontium titanate, a titanium oxide-zirconium-oxide multiple oxide, an 
oxidization silicon-titanium oxide multiple oxide, etc. can be mentioned by making a titanium dioxide into the start. The 
catalyst which has activity under the light irradiation characterized by having the oxygen defect which is an anatase 
type titanium dioxide and was stabilized as the above-mentioned catalyst, for example can be mentioned. Furthermore, 
this invention relates to the manufacture method of the light type photocatalyst characterized by performing the 
above-mentioned processing in the state where it is hydrogen plasma treatment or the method of carrying out rare-gas 
element plasma treatment and there is no invasion of the atmosphere into a processor substantially about an oxide 
semiconductor. In addition, this invention relates to the manufacture method of the light type photocatalyst 
characterized by the thing of the front face of an oxide semiconductor to do for the ion implantation of the rare-gas 
element ion in part at least Furthermore, this invention relates to the manufacture method of a catalyst of having 
activity under the light irradiation characterized by heating an oxide semiconductor under a vacuum. Especially the 
above-mentioned oxide semiconductor can be an anatase type titanium dioxide. Furthermore, this invention can 
mention a titanium dioxide, a zirconium oxide, an oxidization hafnium, a strontium titanate, a titanium 
oxide-zirconium-oxide multiple oxide, or an oxidization silicon-titanium oxide multiple oxide as an oxide semiconductor 
processed about the catalyst which has activity under the light irradiation manufactured by the manufacture method of 
the above-mentioned this invention. Moreover, this invention relates to the goods characterized by preparing the 
catalyst of the above-mentioned this invention in a base-material front face. Furthermore, this invention relates to the 
photolysis method of the matter of contacting the medium containing a decomposition product-ed on the goods of the 
catalyst of the above-mentioned this invention, or the above-mentioned this invention, and making the aforementioned 
decomposition product-ed decomposing into them under the optical irradiation containing the light Furthermore, this 
invention relates to the photolysis equipment which consists of a photocatalyst unit which prepared the catalyst of the 
above-mentioned this invention in the base-material front face, and the light source for irradiating the light which 
contains the light in the aforementioned photocatalyst. In addition, this invention relates to the electrode for solar 
batteries, and the electrode for photolyses of water. 

[0005] The catalyst of the gestalt this invention for inventing is characterized by being the oxide semiconductor which 
has the stable oxygen defect Furthermore, the catalyst of this invention is a catalyst which has activity under light 
irradiation. As the above-mentioned oxide semiconductor, although a titanium dioxide, an oxidization hafnium, a 
zirconium oxide, a strontium titanate, a titanium oxide-zirconium-oxide multiple oxide, or an oxidization silicon-titanium 
oxide multiple oxide can be mentioned, it is not limited to these, for example. An oxide semiconductor can be a rutile 
titanium dioxide or an anatase type titanium dioxide, and, as for especially an oxide semiconductor, it is desirable that it 
is an anatase type titanium dioxide from a viewpoint that practicality is high. Hereafter, the case of the anatase type 
titanium dioxide which is a typical oxide semiconductor is explained. The catalyst which is one mode of this invention is 
characterized by having the oxygen defect which is the catalyst anatase type titanium dioxide which has activity, and 
was stabilized under light irradiation. Moreover, the catalyst of this invention can consist of a titanium dioxide which 
does not have substantially any patterns other than an anatase type titanium dioxide in the diffraction pattern obtained 
according to an X diffraction (XRD). The grade of the oxygen defect of the anatase type titanium dioxide which is the 
catalyst of this invention can be specified by the ratio (01second/Ti2p) of the area of a peak which belongs to 1 
s-electron of the oxygen combined with titanium to the area of the peak which belongs to 2 p-electrons of the titanium 
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obtained by X-ray photoelectron spectroscopy, for example, is 1.99 or less. The ranges of more desirable surface ratio 
(01second/Ti2p) are 1.5-1.95. Moreover, it means that it is substantially [ for example, / the above-mentioned surface 
ratio (01second/Ti2p) / one week or more ] fixed even if it leaves the stability of the oxygen defect of an oxide 
semiconductor in the atmosphere, when the catalyst of this invention is the anatase type titanium dioxide which has for 
example, an oxygen defect If a titanium dioxide is returned with hydrogen gas. although it is known that an oxygen 
defect will arise, the oxygen deficiency obtained by hydrogen gas reduction is very unstable, and disappears in air for a 
short time. The oxygen defect which the catalyst of this invention has on the other hand is very stable, and according 
to the experimental result even if it leaves it in the atmosphere, it is stable half a year at least Moreover, even if it 
uses the catalyst of this invention for a photocatalysis, the above-mentioned oxygen defect cannot disappear for a 
short period of time, and it can be stably used as a catalyst Although 3.2eV and a rutile type is [ an anatase type ] 
3.0eV and, as for the band gap of a titanium dioxide, all are activated by only ultraviolet rays, in addition to the optical 
activity under the ultraviolet rays which a titanium dioxide has, photoactivation of the catalyst of this invention is 
carried out by only the light Although the grade of the photoactivation by the light of the catalyst of this invention 
changed with the amounts of oxygen defects etc.. when it is made into 100 in the case of an anatase type titanium 
dioxide (for example, the activity under the black light light irradiation which cut light 400nm or more), at least 5 has the 
activity under the halogen lamp light irradiation which cut light 420nm or less, and it is usually 20 or more. Furthermore, 
the activity under light irradiation of the catalyst of this invention is the oxidization activity or reduction activity which 
an anatase type titanium dioxide originally has. Moreover, the activity under light irradiation of the catalyst of this 
invention means having NOx oxidization activity under at least 400-600nm light irradiation. Since conventional anatase 
type titanium oxide has the above-mentioned band gap, it has a certain amount of activity to the visible ray near 
400nm. However, the catalyst which shows photocatalyst activity to the visible ray of the wavelength region to near 
600nm exceeding 500nm is not known until now. For example, the NOx oxidization activity (NO removal activity) 
obtained when the catalyst of this invention obtained by the hydrogen plasma treatment method or the rare-gas 
element plasma treatment method set to 100 NOx oxidization activity (NO removal activity) obtained when light with a 
wavelength of 360nm is irradiated and light with a wavelength of 460nm is irradiated is at least 30, is 50 or more 
preferably, and is 60 or more most preferably. Moreover, the NOx oxidization activity (NO removal activity) obtained 
when light with a wavelength of 560nm is irradiated is at least 5, is ten or more preferably, and is 15 or more most 
preferably. In the anatase type titanium oxide by Ishihara Sangyo Kaisha, Ltd. said for the activity of a photocatalyst to 
be high, if NOx oxidization activity (NO removal activity) obtained when light with a wavelength of 360nm is irradiated is 
set to 100, the NOx oxidization activity (NO removal activity) obtained when light with a wavelength of 460nm is 
irradiated is about 0, and does not show activity at all about light with a wavelength of 560nm. In addition, the with a 
half-value width [ of 20nm ] homogeneous light was used for measurement of the above-mentioned NOx oxidization 
activity (NO removal activity) by the irradiation equipment made from Japanese duty light, using 300W xenon lamp as 
the light source. For example, each light (the wavelength of 360nm, 460nm, and 560nm) is the with a half-value width 
of 20nm ] homogeneous light The catalyst which shows photocatalyst activity to the visible ray of the wavelength 
region to such near 600nm For example, are titanium oxide which has a stable oxygen defect, and it sets to 77K and 
ESR measured under dark among a vacuum. The signal whose g values are 2.003-4 is observed, and the signal whose g 
values of a parenthesis are 2.003-4 The inside of a vacuum. When the light of the wavelength of at least 420nm - 
600nm range is measured under irradiation in 77K. the intensity of a signal can be larger than the case where it is 
measured under dark [ above-mentioned ]. The signal whose g values measured in ESR under the above-mentioned 
conditions are 2.003-4 is SHI which belongs to the oxygen defect of titanium oxide. It is known until now that it is 
GUNARU. However, when intensity becomes large from the case where it is measured under dark [ above-mentioned ] 
when the above-mentioned signal measures the light of the wavelength of 420nm - 600nm range under irradiation, the 
photocatalyst and bird clapper which were excellent in light activity are not known until now. The inside of the intensity 
10 of the ESR signal the inside of a vacuum and whose g value measured 77K and under dark are 2.003-4, and a 
vacuum. The ratio (IL/I0) with the intensity IL of the ESR signal whose g values which measured the light of the 
wavelength of at least 420nm - 600nm range under irradiation in 77K are 2.003-4 It is desirable to exceed 1, and more 
preferably, a ratio (IL/I0) is 1.3 or more, and is 1.5 or more still more preferably, furthermore, the above — in addition, in 
77K and ESR measured under dark, it is desirable among a vacuum that the signal which belongs to Ti3+ g value 
indicates 1.96 to be is the object which is not observed substantially from a viewpoint of being the photocatalyst 
excellent in light activity When oxide semiconductors are oxide semiconductors other than a titanium dioxide, it is the 
same, and in addition to the optical activity under ultraviolet rays, photoactivation is carried out by only the light and 
the grade of the photoactivation by the light changes with the amounts of oxygen defects etc. The activity under light 
irradiation of the catalyst of this invention is the oxidization activity or reduction activity which an oxide semiconductor 
originally has. Furthermore, the activity under light irradiation of the catalyst of this invention is [ whether it is the 
decomposition activity of an inorganic substance or the organic substance, and ] sterilization activity. Furthermore, 
there can be no limit in the configuration of the catalyst of this invention, for example, they can be the shape of a 
particle, the shape of a thin film, and a tabular. However, it is not limited to these. Moreover, a particle-like oxide 
semiconductor (catalyst) is the purpose which raises activity, and you may corn it even if it turns minutely, and in order 
to make handling easy. Moreover, you may split-face-ize the front face of the oxide semiconductor (catalyst) of the 
shape of a thin film, and a tabular in order to raise activity. Moreover, the above-mentioned titanium dioxide may add 
other components of the grade which does not bar the light activity of this invention. The catalyst of this invention can 
be acquired from the method characterized by performing the above-mentioned processing in the state where it is 
hydrogen plasma treatment or the method of carrying out rare-gas element plasma treatment and there is no invasion 
of the atmosphere into a processor substantially about an oxide semiconductor. The above-mentioned oxide 
semiconductor can be a titanium dioxide, a zirconium oxide, an oxidization hafnium, a strontium titanate, a titanium 
oxide-zirconium-oxide multiple oxide, or an oxidization silicon-titanium oxide multiple oxide. Moreover, the anatase type 
titanium dioxide used as a raw material can be a titanium dioxide manufactured with the titanium dioxide manufactured 
with the wet method, for example, a sulfuric-acid method, and dry process. Hydrogen plasma treatment generates 
hydrogen plasma by introducing hydrogen gas into the oxide semiconductor set in the reduced pressure state which 
irradiated the electromagnetic wave, for example, microwave, and the radio wave, and can carry out an oxide 
semiconductor to this plasma by carrying out predetermined-time exposure. Moreover, rare-gas element plasma 
treatment generates rare-gas element plasma by introducing rare-gas element gas into the oxide semiconductor set in 
the reduced pressure state which irradiated the electromagnetic wave, for example, microwave, and the radio wave, and 
can carry out an oxide semiconductor to this plasma by carrying out predetermined-time exposure. As a rare-gas 
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element although helium, neon, an argon, a krypton, a xenon, and a radon can be mentioned for example, from a 
viewpoint that acquisition is easy, it is desirable that they are helium, neon, an argon, etc. The above-mentioned 
reduced pressure state can be 10 torrs or less, and can also be 2 torrs or less. In consideration of the generating state 
of the amount of an oxide semiconductor, or plasma to process, it can opt for the output of an electromagnetic wave 
suitably. The amount of introduction of hydrogen gas or rare-gas element gas can be suitably determined in 
consideration of a reduced pressure state or the generating state of plasma. Moreover, the exposure time to the 
hydrogen plasma of an oxide semiconductor or rare-gas element plasma is suitably determined in consideration of the 
amount of oxygen defects introduced into an oxide semiconductor. It is characterized by performing the manufacture 
method of this invention in the state where there is no invasion of the atmosphere into a plasma treatment system 
substantially, and the state where there is no invasion of the atmosphere into a plasma treatment system substantially 
means the state of taking 10 minutes at least for 1 torr of degree of vacuums of the sealed system to change. 
Introduction of the oxygen defect to an oxide semiconductor becomes easy, so that there is little atmospheric invasion. 
Moreover, by request, the above-mentioned hydrogen plasma can also contain gas other than hydrogen, and can 
mention methane and a rare-gas element as such gas, for example. If hydrogen plasma or rare-gas element plasma is 
used by the manufacture method of this invention, an oxygen defect can be introduced to an oxide semiconductor, for 
example, the coexistence of methane or a rare-gas element to hydrogen plasma is not indispensable to introduction of 
an oxygen defect. Moreover, the same is said of rare-gas element plasma, and by request, gas other than a rare-gas 
element can also be included in rare-gas element plasma, and methane and hydrogen can be mentioned to it as such 
gas, for example. However, the coexistence of methane or hydrogen to rare-gas element plasma is not indispensable to 
introduction of an oxygen defect. The catalyst of this invention can be manufactured in part at least also by the method 
of the front face of an oxide semiconductor which carries out the ion implantation of the rare-gas element ion. 
Ion-implantation can be performed using the method and equipment which are used by semiconductor industry. In 
addition, the amount of the rare-gas element ion which should be poured in, the kind of oxide semiconductor, etc. can 
determine the conditions of an ion implantation suitably. In addition, as a rare-gas element although helium, neon, an 
argon, a krypton, a xenon, and a radon can be mentioned for example, from a viewpoint that acquisition is easy, it is 
desirable that they are helium, neon, an argon, etc. Moreover, manufacture of the catalyst of this invention can also be 
aimed at the titanium oxide fixed to the substrate not only using fine particles but using the suitable binder. 
Furthermore, the catalyst of this invention can be manufactured also by the method of heating an oxide semiconductor 
under a vacuum. For example, an oxygen defect a titanium dioxide by carrying out a heating hydrogen reduction under 
heat-treating under a high vacuum, or a high vacuum It is formed and starting a visible optical absorption is known. 
However, it is not known that the titanium dioxide which has these oxygen defect is the catalyst which has activity 
under light irradiation. The above-mentioned process can be a method of heating for example, an anatase type titanium 
dioxide at 400 degrees C or more under a vacuum 1 torr or less. Although a degree of vacuum and temperature can 
determine the processing time suitably, it can be 30 minutes - 1 hour in processing at 400 degrees C under a 1-torr 
vacuum. Although it becomes the catalyst which has the oxygen defect stabilized in the anatase type titanium dioxide 
by hydrogen plasma, the thing which carried out rare-gas element plasma treatment, or the thing which carried out the 
ion implantation as mentioned above, and has activity under light irradiation, as shown in an example, a rutile titanium 
dioxide, a zirconium oxide, oxidization HAUFUNIMU. a strontium titanate, etc. are hydrogen plasma, rare-gas element 
plasma treatment or carrying out an ion implantation, and serve as a catalyst which has activity under light irradiation. 
However, the strength of the activity under light irradiation and the wavelength dependency of activity change with the 
kind of oxide semiconductor, methods of processing, etc. It was thought that its band gap is large although a zirconium 
oxide is a semiconductor, and there was no function as a photocatalyst of practical use level. However, hydrogen 
plasma, rare-gas element plasma treatment or the catalyst and bird clapper that have activity under light irradiation 
when an ion implantation is carried out became clear by the manufacture method of this invention. The zirconium 
carbide of a minute amount and generation of an oxygen defect were accepted as a result of the surface analysis 
according [ hydrogen plasma, rare-gas element plasma treatment or the zirconium oxide that carried out the ion 
implantation ] to ESCA. Although the function as a photocatalyst has a rutile titanium dioxide under ultraviolet radiation 
irradiation, since activity compares and is inferior to an anatase type, there is no actual result used as a photocatalyst 
However, hydrogen plasma, rare-gas element plasma, or the catalyst and bird clapper that have activity also under light 
irradiation when ion-implantation processing is carried out became clear by the manufacture method of this invention. 
The activity under light irradiation was checked with the catalyst which has the stable oxygen defect of this invention 
also for oxidization HAUFUNIMU or a strontium titanate conventionally although the activity under light irradiation is 
not known, this invention relates to the goods characterized by preparing the catalyst of the above-mentioned this 
invention, or the catalyst manufactured by the manufacture method of this invention in a base-material front face. As a 
base material, they can be the skin of a building, a roof superficies roof side, windowpane superficies or a windowpane 
inside, the wall surface of the room, a floor line or a ceiling side, a blind, a curtain, the protective barrier of a passage, 
the wall of a tunnel, the superficies of a floodlight or a reflector, the interior side of vehicles, a mirror side, windowpane 
superficies, or a windowpane inside, for example. The attachment of the catalyst to a base material can perform the 
paint containing the particle of the catalyst of this invention, or the catalyst manufactured by the manufacture method 
of this invention coating or by carrying out a spray. Moreover, the goods of this invention can also be obtained by 
making an oxide-semiconductor layer front face into the catalyst of this invention by carrying out hydrogen plasma 
treatment of the base material which has oxide-semiconductor layers, such as a titanium dioxide, on a front face by the 
manufacture method of the above-mentioned this invention. Furthermore, the photolysis method of the matter of this 
invention is characterized by contacting the medium containing a decomposition product-ed on the goods of the 
catalyst of the above-mentioned this invention, the catalyst manufactured by the manufacture method of this 
invention, or this invention, and making the aforementioned decomposition product-ed decompose into them under the 
optical irradiation containing the light Decomposition products-ed can be at least one sort of matter chosen from the 
group which consists of an inorganic compound, an organic compound, a microorganism biomass. and a tumor cell. 
Moreover, media can be water and air. More specifically, it is air, the organic substance (for example, sewage and 
seawater containing a crude oil or a petroleum product), etc. containing a bad smell, a toxic substance (for example, 
nitrogen oxide and formalin), etc. Furthermore, the light containing the light can be sunrays or an artificial beam of light 
The source of an artificial beam of light can be a beam of light from a fluorescent lamp, an incandescent lamp, and a 
halogen lamp that what is necessary is just what can supply the light containing the light Furthermore, the photolysis 
equipment of this invention consists of a photocatalyst unit which prepared the catalyst manufactured by the catalyst 
of the above-mentioned this invention, or the manufacture method of this invention in the base-material front face, and 
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the light source for irradiating the light which contains the light in the aforementioned photocatalyst A photocatalyst 
unit can be a filter for air cleaners. Moreover, the light source for irradiating the light containing the light can be a 
fluorescent lamp, an incandescent lamp, or a halogen lamp. By using the method or equipment of this invention, by 
contacting the air which contains a decomposition product-ed in the photocatalyst or photocatalyst unit (goods) of this 
invention which irradiated the light which includes a visible ray at least when air is air containing the causative agent of 
a bad smell, the causative agent of the bad smell contained by contact for a catalyst in air can be decomposed, and a 
bad smell can be reduced or removed. Moreover, when air is air containing bacteria, some bacteria [ at least ] contained 
by contact for a catalyst in air can be annihilated. When air contains a bad smell and bacteria, of course, the 
above-mentioned operation is obtained in parallel. By contacting the water which contains a decomposition product-ed 
in the photocatalyst or photocatalyst unit (goods) of this invention which irradiated the light which includes a visible ray 
at least by using the method or equipment of this invention, when water contains the organic substance, contact for a 
catalyst can decompose the underwater organic substance. When water contains bacteria, underwater bacteria can be 
annihilated by contact for a catalyst When water contains the organic substance and bacteria, of course, the 
above-mentioned operation is obtained in parallel. Furthermore, the electrode for solar batteries of this invention and 
the electrode for photolyses of water consist of material which has the oxygen defect which are oxide semiconductors, 
such as an anatase type titanium dioxide, and was stabilized, and the content and the manufacture method of material 
are as above-mentioned. Moreover, the electrode for solar batteries of this invention and the electrode for photolyses 
of water consist of a catalyst of the oxide semiconductor processed by the manufacture method of this invention. A 
solar battery can be built using a well-known system, taking the property of this electrode into consideration, when 
using as an electrode for solar batteries. Moreover, when using it as an electrode for photolyses of water, the 
photolysis of water can be performed using a well-known method and equipment 
[0006] An example explains this invention to a detail further below an example. 

10g (60 or less meshes) of example 1 anatase type titanium-dioxide powder was held in the 200ml coil made from a 
quartz. After connecting this coil made from a quartz to a plasma generator and exhausting the inside of a system with 
a vacuum pump, the electromagnetic wave (2.45GHz) of 400W was irradiated at the anatase type titanium-dioxide 
powder in a coil, and plasma was generated by the Tesla coil. And H2 gas (it is a part for 30ml/about a flow rate) was 
introduced so that the pressure in a system might become about 1 torr. It processed for 30 minutes, stirring the 
anatase type titanium-dioxide powder in a coil. In addition, the plasma treatment system took 40 minutes for a degree 
of vacuum to rise by 1 torr, where it did not introduce gas and exhaust air with a pump is also severed. The peak which 
belongs the obtained anatase type titanium-dioxide powder to 2 p-electrons of titanium by X-ray photoelectron 
spectroscopy (XPS) (peak which belongs to 1 s-electron of the oxygen combined with an area of 458.8eV (Ti2p3/2) and 
464.6eV (Ti2p1/2), and titanium (it asked for an area of 531.7eV (Ols).)) The obtained surface ratio (01second/Ti2p) 
was 1.91. In addition, the surface ratio (01 second/Ti2p) of the anatase type titanium-dioxide powder which does not 
carry out plasma treatment was 2.00. Moreover, the surface ratio (01 second/Ti2p) measured like the above after 
leaving this sample in the one-week atmosphere was also 1.91. Furthermore, it was changeless also to the surface ratio 
one month after this sample (01 second/Ti2p). Moreover, as a result of giving the sample before the above-mentioned 
plasma treatment, and the sample after processing to an X diffraction examination, change was not looked at by the 
anatase type titanium dioxide in front of plasma treatment and in the back. 

[0007] 10g (60 or less meshes) of example 2 anatase type titanium-dioxide powder was held in the 200ml coil made 
from a quartz. After connecting this coil made from a quartz to a plasma generator and exhausting the inside of a 
system with a vacuum pump, the electromagnetic wave (2.45GHz) of 400W was irradiated at the anatase type 
titanium-dioxide powder in a coil, and plasma was generated by the Tesla coil. And argon gas (it is a part for 10ml/about 
a flow rate) was introduced so that the pressure in a system might become about 1 torr. It processed for 120 minutes, 
stirring the anatase type titanium-dioxide powder in a coil. In addition, the plasma treatment system took 40 minutes for 
a degree of vacuum to rise by 1 torr, where it did not introduce gas and exhaust air with a pump is also severed. The 
peak which belongs the obtained anatase type titanium-dioxide powder to 2 p-electrons of titanium by X-ray 
photoelectron spectroscopy (peak which belongs to 1 s-electron of the oxygen combined with an area of 459.5eV 
(Ti2p3/2) and 465.4eV (Ti2p1/2), and titanium (it asked for an area of 530.0eV (Ols).)) The obtained surface ratio 
(01second/Ti2p) was 1.89. In addition, the surface ratio (01second/Ti2p) of the anatase type titanium-dioxide powder 
which does not carry out plasma treatment was 2.00. Moreover, the surface ratio (01second/Ti2p) measured like the 
above after leaving this sample in the one-week atmosphere was also 1.89. Furthermore, it was changeless also to the 
surface ratio one month after this sample (01second/Ti2p). Moreover, as a result of giving the sample before the 
above-mentioned plasma treatment and the sample after processing to an X diffraction examination, change was not 
looked at by the anatase type titanium dioxide in front of plasma treatment and in the back. 

[0008] The manufacture method of the catalyst of this invention by the method of injecting rare-gas element ion into 
the front face of the anatase type titanium dioxide which is example 3 oxide semiconductor is explained. 
Device: Medium current ion implanter ULVAC IKX-7000 made from Japanese Vacuum technology method: Apply to 
mass analysis, and separate and take out argon ion, after introducing argon gas. irradiating an electron beam and 
ionizing it After that It accelerated with the accelerator (100kV of direct current voltage), and argon ion was poured 
into the target 

Target It is a glass plate (the carbon film of submicron order is coated with the thickness of about 0.2mm on glass.) 
with a diameter of 6cm about ST-01 0.2g. What was applied for conductive reservation required for ion-implantation. 
The peak which belongs the poured-in anatase type titanium-dioxide sample which was obtained the number 5x1016 
pieces/square centimeter of argon ion to 2 p-electrons of titanium by X-ray photoelectron spectroscopy (peak which 
belongs to 1 s-electron of the oxygen combined with an area of 458.6eV (Ti2p3/2) and 464.3eV (Ti2p1/2), and titanium 
(it asked for an area of 529.7eV (01s).)) The obtained surface ratio (01 second/Ti2p) was 1.76. In addition, the surface 
ratio (01second/Ti2p) of the anatase type titanium-dioxide powder which does not carry out plasma treatment was 
2.00. Moreover, the surface ratio (01 second/Ti2p) measured like the above after leaving this sample in the one-week 
atmosphere was also 1.76. Furthermore, it was changeless also to the surface ratio one month after this sample 
(01second/Ti2p). 

[0009] The example 1 (decomposition examination by the light of an acetaldehyde) of an examination 
The thing which applied to the glass plate (6x6cm) 0.2g of samples produced in the examples 1-2, or the sample (the 
shape of a plate) which created in the example 3 was installed in the glass bell jar type reactor (1.9L). The glass filter 
which omits ultraviolet rays 420nm or less was used for the light source, using a halogen lamp (Toshiba Lighting & 
Technology JDR110V 75 WN/S-EK) (main luminous intensity : 100.000 luxs). After fully exhausting the inside of a 
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system, the acetaldehyde was poured in into the reactor and it considered as the reactant gas of predetermined 
concentration (1000 ppm). After the acetaldehyde reached the adsorption equilibrium, predetermined-time light 
irradiation was performed. The gas chromatography (FID) analyzed reactant gas. The acetaldehyde concentration 
decrement after optical irradiation is shown in the following tables. For comparison, the examination with the same said 
of the sample which does not carry out plasma treatment is performed, and it is shown in Table 1 by making a result 
into the example 1 of comparison. 
0010] 
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[001 1] It turns out that the photocatalyst which has the oxygen defect which is the anatase type titanium dioxide of 
this invention, and was stabilized from the result shown in the above-mentioned table 1 has a high photolysis property 
over an acetaldehyde by the light Moreover, although the material of the example 1 of comparison had the high 
adsorption capacity to an acetaldehyde, it did not have the photolysis property by the light 

[0012] 5g (the Ishihara Sangyo Kaisha, Ltd. make, ST-01) of example 4 anatase type titanium-dioxide powder was held 
in the coil made from a quartz with a bore [ of 5cm ], and a length of 100cm. After equipping this coil made from a 
quartz with RF plasma generator and exhausting the inside of a coil system to 0.1 torrs with a vacuum pump, the 
electromagnetic wave (13.56MHz) of 500W was irradiated at the anatase type titanium-dioxide powder in a coil, and 
plasma was generated. And H2 gas (it is a part for 500ml/about a flow rate) was introduced so that the pressure in a 
system might become about 1 torr. It processed for 30 minutes, stirring the anatase type titanium-dioxide powder in a 
coil. In addition, the quartz-tube wall was heated at 400 degrees C by the resistance heating by the nichrome wire, and 
the temperature was maintained during the reaction. The peak which belongs the obtained anatase type 
titanium-dioxide powder to 2 p-electrons of titanium by X-ray photoelectron spectroscopy (XPS) (peak which belongs 
to 1 s-electron of the oxygen combined with an area of 458.8eV (Ti2p3/2) and 464.6eV (Ti2p1/2), and titanium (it 
asked for an area of 531. 7eV (Ols).)) The obtained surface ratio (01 second/Ti2p) was 1.94. In addition, the surface 
ratio (01second/Ti2p) of the anatase type titanium-dioxide powder which does not carry out plasma treatment was 
2.00. Moreover, the surface ratio (01 second/Ti2p) measured like the above after leaving this sample in the one-week 
atmosphere was also 1.94. Furthermore, it was changeless also to the surface ratio one month after this sample 
(01second/Ti2p). Moreover, as a result of giving the sample before the above-mentioned plasma treatment, and the 
sample after processing to an X diffraction examination, change was not looked at by the anatase type titanium dioxide 
in front of plasma treatment and in the back. The X diffraction pattern of the sample before plasma treatment (a) and 
the sample after processing (b) is shown in drawing 1 . Moreover, the ESR spectrum of the sample before the 
above-mentioned plasma treatment and the sample after processing was measured. Measurement was performed by 
77K among the vacuum (0.1 Torr). The measurement conditions are as follows. 

[Fundamental parameter] . ,_ <n n . ... ^. 

Measurement temperature The 77K field 330mT**25mT scan time 4-minute Mod. 0.1 mT gain 5x10 power 0.1 mW time 

constant 0.03-second light source High-pressure mercury lamp 500W filter L-42 [sample creation] 

Vacuum deairing 1 hours or more [calculation of g value] 

It is g=gmnxHmn/(Hmn+**H) on the basis of a Mn2+ marker (gmn=1.981). 

The ESR spectrum of the sample before the variation plasma treatment of the magnetic field of a Hmn:Mn2+ marker 
and the magnetic field from **H:Hmn is shown in drawing 2 . It is the ESR spectrum measured where optical irradiation 
is carried out through the filter (L-42) with which (a) cuts the ESR spectrum under dark and (b) cuts light (the 
high-pressure mercury lamp which is 500W is used) 420nm or less among drawing. The ESR spectrum of the sample 
after plasma treatment is shown in drawing 3 . They are the ESR spectrum measured where optical irradiation is carried 
out through the filter (L-42) with which (a) cuts the ESR spectrum under dark and (b) cuts light (the high-pressure 
mercury lamp which is 500W is used) 420nm or less among drawing, and the ESR spectrum measured where optical 
irradiation is carried out without (c) minding a filter (L-42). The ESR spectrum shown in drawing Z and drawing 3 is 
measured on the same conditions. If both are compared, the catalyst of this invention will have the signal specific to 
g=2 003-4 which is not seen in a start raw material, and. moreover, this signal will be amplified under the optical 
irradiation which cut light 420nm or less. As for the catalyst (anatase type titanium dioxide which carried out plasma 
treatment) of this invention, the signal was observed by the g values 2.003-4 to which intensity becomes strong by the 
light 420nm or more. Furthermore, the peak of this parenthesis was maintained, when it measured again, after leaving a 
sample in the one-week atmosphere. Moreover, the signal with which the catalyst of an example 4 belongs to Ti3+ g 
value indicates a signal to be to 1.96 was not observed. 

[0013] The example 2 (NOx oxidization activity measurement) of an examination 

What applied to the glass plate (6x6cm) 0.2g of samples produced in the example 4 was installed in the Pyrex 
(registered trademark) glass reaction container (25mm in the bore of 160mm. thickness). Light was irradiated as the 
with a halFvalue width [ of 20nm ] homogeneous light by the irradiation equipment made from Japanese duty light at 
the light source using 300W xenon lamp. Simulation contaminated air (NO:1.0ppm) of 0% of humidity RH was 
continuously supplied to the above-mentioned reaction container by the 1.51. rate of flow for /, and it acted as the 
monitor of the concentration change of NO in a reaction outlet The concentration of NO was measured by the 
chemiluminescence method which used ozone. The elimination factor of NOx was calculated from the accumulation 
value of the monitor value of 24 hours. The result is shown in Table 2. The result of the sample (ST-01) used as a raw 
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material is also shown in Table 2 for comparison. 
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[001 5] It turns out that the photocatalyst (sample of an example 4) which has the oxygen defect wh.ch is the anatase 
type titanium dioxide of this invention, and was stabilized from the result shown in the above-mentioned table 2 has the 
effect which carries out oxidization removal of the nitrogen oxide by the light to at least 560nm. Although not 
furthermore shown in Table 2. the photocatalyst (sample of an example 4) which has the oxygen defect which is the 
anatase type titanium dioxide of this invention, and was stabilized had the effect wh.ch carries out oxidization removal 
of the nitrogen oxide by the light to at least 600nm. 

[0016] Example 3 of an examination (benzoic-acid reduction measurement examination; . , .. „ 

002g of samples, the 0.1 mmol/l benzoic acid which were produced in the example 4 25ml was put into the reaction cell 
(40ml) made from Pyrex. and it stirred with the magnetic stirrer. The halogen lamp prepared so that it might be set to 
70mW on the wavelength of 500nm with a voltage regulator was used for the light source. The distance of a halogen 
lamo and a reaction cell has been arranged so that it may be set to 10cm. Moreover, between them, ultraviolet rays 
were omitted using the sharp cut filter. A reaction is left for 24 hours, after carrying out an adsorption equilibrium, 
irradiated light for 48 hours and made it react after installation. The comparison reaction before and after a reaction 
measured the concentration of a benzoic acid with the absorbance [ in / 228nm / by the visible ultraviolet 
optical-absorption spectrum ]. In addition, it was made for light not to enter at the time of a reaction and measurement 
Consequently, the cracking severity of the benzoic acid of 48 hours after was 20.46%. In addition, disassembly of the 
benzoic acid under the above-mentioned conditions was not observed by the titanium ox.de used as a raw material. 
[0017] 10g (ST[ by Ishihara Sangyo Kaisha. Ltd. ]- 01) of example 5 anatase type titan.um-diox.de powder was held in 
the 400ml I coil made from a quartz. After connecting this coil made from a quartz to a plasma generator and exhausting 
Se inside of a system with a vacuum pump, the electromagnetic wave (2.45GHz) of 200W was irradiated at the anatase 
type titanium-dioxide powder in a coil, and plasma was generated by the Tesla coil. And H2 gas (it is a part for 
30ml/about a flow rate) was introduced so that the pressure in a system might become about 1 torr It processed for 1U 
minutes, stirring the anatase type titanium-dioxide powder in a coil. In addition, the plasma treatment system took 40 
minutes for a degree of vacuum to rise by 1 torr. where it did not introduce gas and exhaust air with a pump is also 
severed The peak which belongs the obtained anatase type titanium-dioxide powder to 2 p-electrons of titanium by 
X-ray photoelectron spectroscopy (XPS) (peak which belongs to 1 s-electron of the ox ygen combined with an area of 
458 8eV (Ti2p3/2) and 464.6eV (Ti2p1/2). and titanium (it asked for an area of 531.7eV (01s).)) The obtained surface 
ratio (O1second/Ti2p) was 1.92. In addition, the surface ratio (01second/Ti2p) of the anatase type titan.urn-d.oxide 
powder which does not carry out plasma treatment was 2.00. Moreover, the surface ratio (01 second/T,2p) measured 
Hke the above after leaving this sample in the one-week atmosphere was also 1.92. Furthermore, it was changeless also 
to the surface ratio one month after this sample (01second/Ti2p). Moreover, as a result of giving the sample before the 
above-mentioned plasma treatment and the sample after processing to an X diffraction examination, change was not 
looked at by the anatase type titanium dioxide in front of plasma treatment and in the back. Moreover, the tbK 
spectrum of the sample before the above-mentioned plasma treatment and the sample after processing was measured. 
Measurement is the same as that of an example 4. Consequently, as for the catalyst (anatase 

which carried out plasma treatment) of an example 5. the signal was observed by the g values 2.003-4 like the example 
4 Furthermore, this peak was maintained, when it measured again, after leaving a sample in the one-week atmosphere. 
Moreover, the signal with which the catalyst of an example 5 belongs to Ti3+ g value indicates a signal to be to 1 .96 

[001 8]° 4g(ST7by Ishihara Sangyo Kaisha, Ltd. ]- 01) of example 6 anatase type titanium-dioxide powder was held in 
the 200ml coil made from a quartz. This coil made from a quartz was equipped with the heat.ng-w.re heater, and atter 
exhausting the inside of a system until it became 0.1 torrs or less with the vacuum pump, the temperature up was 
carried out to every coil 400 degrees C with the heater. 400 degrees C was carried out after heating for 1 hour. In 
addition during processing, exhaust air was continued with the vacuum pump and 0.1 torrs or less were maintained. 
Brown fine particles were obtained 1 hour after. The peak which belongs the obtained anatase type titan.um-diox.de 
powder to 2 p-electrons of titanium by X-ray photoelectron spectroscopy (peak which belongs to 1 s-electron of the 
oxygen combined with an area of 459.5eV (Ti2p3/2) and 465.4eV (Ti2p1/2). and titanium (it asked for an area of 
530 0eV (01s).)) The obtained surface ratio (01 second/Ti2p) was 1.92. In addition, the surface ratio (01 second/T.2p) of 
the anatase type titanium-dioxide powder which does not carry out plasma treatment was 2.00. Moreover, the surface 
ratio (01second/Ti2p) measured like the above after leaving this sample in the one-week atmosphere was also 1.92. 
Furthermore, it was changeless also to the surface ratio one month after this sample (01second/T.2p). Moreover, as a 
result of giving the sample before the above-mentioned plasma treatment and the sample after processing to an X 
diffraction examination, change was not looked at by the anatase type titanium diox.de in front of plasma treatment and 

in the back. . 
[0019] The example 4 (NOx oxidization activity measurement) of an examination 

The NOx oxidization activity of the sample produced in the example 6 by the same conditions as the example 2 of an 
examination was measured. A result is shown in Table 3. the sample obtained in the example 4 — comparing — a little 
— activity — being low (in short wavelength field [ Especially ]) — activity was seen to near 600nm 
[0020] 
[Table 3] 
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[0021] Example 5 of an examination (benzoic-acid reduction measurement examination) 
The photolysis examination of a benzoic acid was performed on the same conditions as the example 3 of an 
examination using the sample produced in the example 6. Consequently, the cracking severity of the benzoic acid of 48 
hours after was 15.42%. In addition, disassembly of the benzoic acid under the above-mentioned conditions was not 
observed by the titanium oxide used as a raw material. , u 

[0022] 5g (the Ishihara Sangyo Kaisha. Ltd. make, ST-01) of example 7 anatase type titanium-dioxide powder was held 
in the coil made from a quartz with a bore [ of 5cm ]. and a length of 100cm. After equipping this coil made from a 
quartz with RF plasma generator and exhausting the inside of a coil system to 0.05 torrs with a vacuum pump, the 
electromagnetic wave (13.56MHz) of 500W was irradiated at the anatase type titanium-dioxide powder in a coil, and 
plasma was generated. And H2 gas (it is a part for 500ml/about a flow rate) was introduced so that the pressure in a 
system might become about 1 torr. It processed for 30 minutes, stirring the anatase type titanium-dioxide powder in a 
coil In addition, the quartz-tube wall was heated at 400 degrees C by the resistance heating by the nichrome wire, and 
the temperature was maintained during the reaction. The peak which belongs the obtained anatase type 
titanium-dioxide powder to 2 p-electrons of titanium by X-ray photoelectron spectroscopy (XPS) (peak which belongs 
to 1 s-electron of the oxygen combined with an area of 458.8eV (Ti2p3/2) and 464.6eV (Ti2p1/2). and titaniurn (it 
asked for an area of 531.7eV (01s).)) The obtained surface ratio (01 second/Ti2p) was 1.51. In addition, the surface 
ratio (O1second/Ti2p) of the anatase type titanium-dioxide powder which does not carry out plasma treatment was 
2 00 Moreover, the surface ratio (01second/Ti2p) measured like the above after leaving this sample in the one-week 
atmosphere was also 1.51. Furthermore, it was changeless also to the surface ratio one month after this sample 

[0023] C 2rO22g made from plasma treatment KISHIDA chemistry of example 8 zirconia was held in the 280ml coil made 
from a quartz. After connecting this coil made from a quartz to a plasma generator and exhausting the inside of a 
system with a vacuum pump, the electromagnetic wave (2.45GHz) was irradiated to the zirconia powder in a coil 400W. 
and plasma was generated by the Tesla coil. And H2 gas (it is a part for 30ml/about a flow rate) was introduced so that 
the pressure in a system might become about 1 torr. It processed for 30 minutes, stirring the zirconia powder in a coil. 
Consequently, the fine particles of thin gray were obtained The peak which belongs the obtained zirconium-oxide 
sample to 3d electron of a zirconium by X-ray photoelectron spectroscopy (peak which belongs to 1 s-electron of the 
oxygen combined with an area of 182-1 83eV (2r3d 5/2) and 184-185eV (Zr3d 3/2). and the zirconium (it asked for an 
area of 530eV (Ols).)) The obtained surface ratio (01 second/Zr3d) was 1.98. In addition, the surface ratio (Ol 
second/Zr3d) of the zirconium-oxide powder which does not carry out plasma treatment was 2.01. Moreover, the 
surface ratio (01 second/Zr3d) measured like the above after leaving this sample in the one-week atmosphere was 
also 1 98 Furthermore, it was changeless also to the surface ratio one month after this sample (01 second/Zr3d). 
[0024] The sample (0.2g) prepared in the example of examination 6 example 8 was installed in the glass bell jar type 
reactor (1 91.). The glass filter which omits ultraviolet rays 390nm or less was used for the light source, using a halogen 
lamp (Toshiba Lighting & Technology JDR100V 75 WN/S-EK) (main luminous intensity : 100,000 luxs). After fully 
exhausting the inside of a system, the acetaldehyde was poured in into the reaction container and it considered as the 
reactant gas of predetermined concentration (500 ppm). Optical irradiation was started after the acetaldehyde reached 
the adsorption equilibrium. The gas chromatography (FID) analyzed reactant gas. The acetaldehyde 120 minutes after 
an optical irradiation start is shown in Table 4. Moreover, also about the zirconia raw material which does not carry out 
plasma treatment as an example of comparison, the acetaldehyde 1 20 minutes after an optical irradiation start is 
measured, and a result is shown in Table 4. AL , u ■■ ^ 

[0025] The sample (0.2g) prepared in the example of examination 7 example 8 was installed in the glass bell jar type 
reactor (1 91 ) The black lamp (Iwasaki Electric Co., Ltd. HI 10BL) was used for the light source (UV intensity : 1.8 
mW/cm2). This lamp irradiates the ultraviolet rays of a UVa field. After fully exhausting the inside of a system the 
acetaldehyde was poured in into the reaction container and it considered as the reactant gas of predetermined 
concentration (500 ppm). Optical irradiation was started after the acetaldehyde reached the adsorption equilibrium. The 
gas chromatography (FID) analyzed reactant gas. The acetaldehyde concentration 120 minutes after an optica 
irradiation start is shown in Table 4. Moreover, also about the zirconia raw material which does not carry out plasma 
treatment as an example of comparison, the acetaldehyde 120 minutes after an optical irradiation start is measured, 
and a result is shown in Table 4. 
[0026] 
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[0027] The result shown in the above-mentioned table 4 shows that the zirconia which carried out hydrogen plasma 
treatment by the manufacture method of this invention has a high photolysis property over an acetaldehyde, and 
functions as a light type photocatalyst by the light moreover, the zirconia used as a raw material of the example 2 of 
comparison — the light and ultraviolet radiation — it had the photolysis property over an acetaldehyde by neither 
[0028] the rutile type by plasma treatment TAYCA of example 9 rutile type Ti02 — TiO2(MT-500B)2g was held in the 
280ml coil made from a quartz After connecting this coil made from a quartz to a plasma generator and exhausting the 
inside of a system with a vacuum pump, the electromagnetic wave (2,45GHz) of 400W was irradiated at the 
rutile-type-titanium-dioxide powder in a coil, and plasma was generated by the Tesla coil. And H2 gas (it is a part for 
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30ml/about a flow rate) was introduced so that the pressure in a system might become about 1 torr. It processed for 30 
minutes, stirring the rutile-type-titanium-dioxide powder in a coil. Consequently, the fine particles of the strong thin 
gray of blueness were obtained. As a result of giving the sample before the above-mentioned plasma treatment and the 
sample after processing to an X diffraction examination, change was not looked at by the rutile titanium dioxide in front 
of plasma treatment and in the back. The peak which belongs the obtained rutile-titanium-dioxide sample to 2 
p-electrons of titanium by X-ray photoelectron spectroscopy (peak which belongs to 1 s-electron of the oxygen 
combined with an area of 458.6eV (Ti2p3/2) and 464.2eV (Ti2p1/2), and titanium (it asked for an area of 529.8eV 
(01s).)) The obtained surface ratio (01second/Ti2p) was 1.74. In addition, the surface ratio (01second/Ti2p) of the 
rutile-titanium-dioxide powder which does not carry out plasma treatment was 2.01. Moreover, the surface ratio 
(01second/Ti2p) measured like the above after leaving this sample in the one-week atmosphere was also 1.74. 
Furthermore, it was changeless also to the surface ratio one month after this sample (01second/Ti2p). The sample 
(0.2g) prepared by the above-mentioned method was installed in the glass bell jar type reactor (1.91.). The glass filter 
which omits ultraviolet rays 390nm or less was used for the light source, using a halogen lamp (Toshiba Lighting & 
Technology JDR110V 75 WN/S-EK) (main luminous intensity : 100,000 luxs). After fully exhausting the inside of a 
system, the acetaldehyde was poured in into the reaction container and it considered as the reactant gas of 
predetermined concentration (500 ppm). Optical irradiation was started after the acetaldehyde reached the adsorption 
equilibrium. The gas chromatography (FID) analyzed reactant gas. The acetaldehyde concentration 120 minutes after an 
optical irradiation start is shown in Table 5. Moreover, also about rutile type Ti02 which does not carry out plasma 
treatment as an example of comparison, the acetaldehyde 50 minutes after an optical irradiation start is measured, and 
a result is shown in Table 5. 
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[0030] The result shown in the above-mentioned table 5 shows the rutile type titanium dioxide which carried out 
hydrogen plasma treatment by the manufacture method of this invention having a high photolysis property over an 
acetaldehyde by the light, and functioning as a light type photocatalyst Moreover, although the rutile type titanium 
dioxide used as a raw material of the example 3 of comparison showed the photolysis property of the acetaldehyde by 
the light it was weak compared with the sample of an example 3. 

[0031] Plasma treatment oxidization hafnium (Hf02, product made from Fluka, 99.8% of purity) 2g of an example 10 
oxidization hafnium was held in the coil made from a quartz with a capacity of 200ml. After connecting this coil made 
from a quartz to a plasma generator and exhausting the inside of a system with a vacuum pump, the electromagnetic 
wave (2.45GHz) of 400W was irradiated at the oxidization hafnium powder in a coil, and plasma was generated by the 
Tesla coil. And H2 gas (mass-flow meter adjusts a flow rate to a part for 30ml/) was introduced so that the pressure in 
a system might become about 1 torr. It processed for 1 hour, stirring the oxidization hafnium powder in a pipe rotating a 
quartz coil. Consequently, the fine particles from which the front face became gray were obtained. It asked for the area 
of the peak (530eV (01s)) which belongs to 1 s-electron of the oxygen which has combined the obtained oxidization 
hafnium sample with the area of the peak (16-17eV (Hf4f)) which belongs to 4 f electrons of a hafnium, and the hafnium 
by X-ray photoelectron spectroscopy. The obtained surface ratio (01 second/Hf4f) was 2.15. In addition, the surface 
ratio (01 second/Hf4f) of the oxidization hafnium powder which does not carry out plasma treatment was 2.20. 
Moreover, the surface ratio (Ol second/Hf4f) measured like the above after leaving this sample in the one-week 
atmosphere was also 2.15. Furthermore, it was changeless also to the surface ratio one month after this sample (01 
second/Hf4f). 0.4g of samples prepared by the above-mentioned method was distributed to the methanol, and it applied 
to the glass plate (6cmx6cm). This glass plate was installed in the glass bell jar type reactor (1.91.). The glass filter 
which omits ultraviolet rays 420nm or less was used for the light source, using a halogen lamp (Toshiba Lighting & 
Technology JDR110V 75 WN/S-EK). After fully exhausting the inside of a system, the acetaldehyde was poured in into 
the reaction container and it considered as the reactant gas of predetermined concentration (500 ppm). Optical 
irradiation was started after the acetaldehyde reached the adsorption equilibrium. The gas chromatography (FID) 
analyzed reactant gas. The acetaldehyde concentration 90 minutes after an optical irradiation start was 420 ppm. In 
addition, although examined also about the sample which applied similarly 0.4g of unsettled oxidization hafnium powder, 
it is before and after optical irradiation, and was changeless to acetaldehyde concentration. This result shows that the 
oxidization hafnium which carried out hydrogen plasma treatment by the manufacture method of this invention has a 
photolysis property over an acetaldehyde, and functions as a light type photocatalyst by the light 
[0032] 2g (SrTi02, the product made from Aldrich Chemical Company, a particle diameter 5 microns or less, 99% of 
purity) of plasma treatment strontium titanates of example 1 1 strontium titanate was held in the coil made from a 
quartz with a capacity of 200ml. After connecting this coil made from a quartz to a plasma generator and exhausting 
the inside of a system with a vacuum pump, the electromagnetic wave (2.45GHz) of 400W was irradiated at the 
strontium-titanate powder in a coil, and plasma was generated by the Tesla coil. And H2 gas (mass-flow meter adjusts 
a flow rate to a part for 30ml/) was introduced so that the pressure in a system might become about 1 torr. It 
processed for 1 hour, stirring the strontium-titanate powder in a pipe rotating a quartz coil. Consequently, the fine 
particles from which the front face became gray were obtained. 0.2g of samples prepared by the above was distributed 
to the methanol, and it applied to the glass plate (6cmx6cm). This glass plate was installed in the glass bell jar type 
reactor (1.91.). The glass filter which omits ultraviolet rays 420nm or less was used for the light source, using a halogen 
lamp (Toshiba Lighting & Technology JDR1 10V75 WN/S-EK). After fully exhausting the inside of a system, the 
acetaldehyde was poured in into the reaction container and it considered as the reactant gas of predetermined 
concentration (500 ppm). Optical irradiation was started after the acetaldehyde reached the adsorption equilibrium. The 
gas chromatography (FID) analyzed reactant gas. The acetaldehyde concentration 60 minutes after an optical 
irradiation start was 450 ppm. In addition, although examined also about the sample which applied similarly 0.4g of 
unsettled strontium-titanate powder, it is before and after optical irradiation, and was changeless to acetaldehyde 
concentration. This result shows the strontium titanate which carried out hydrogen plasma treatment by the 
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manufacture method of this invention having a photolysis property over an acetaldehyde by the light and functioning as 
a light type photocatalyst 

[0033] The catalyst (powder) of this invention created in the example 12 wet solar-battery example 1 was mixed with 
the polyethylene glycol and the acetone, and it applied to the transparent electrode (ITO). Baking processing was 
carried out at about 300 degrees C after the application for 1 hour. The obtained electrode was flooded with the 
methanol solution containing a commercial ruthenium complex (8RuL2(NCS) 2. L= 4, 4'-dicarboxy-2, 2-screw pyridine). 
One drop of 0.1 M potassium iodide solution was dropped at the obtained electrode. Besides, the laminating of the 
transparent electrode (ITO) was carried out as a counter electrode, the circumference was fixed by the resin and the 
wet solar battery was obtained. The light of a halogen lamp (Toshiba Lighting & Technology JDR1 10V 75 WN/S-EK) 
was irradiated through the glass filter which cuts ultraviolet rays 420nm or less into this cell. Consequently, the 
photocurrent was observed. The wet solar battery was created about the catalyst (powder) of this invention created in 
the example 4 as well as the above. The light of a halogen lamp (Toshiba Lighting & Technology JDR1 10V 75 WN/S-EK) 
was irradiated through the glass filter which cuts ultraviolet rays 420nm or less into this cell. Consequently, the 
photocurrent was observed. , ,,, 

[0034] As an example 13 wet solar-battery counter electrode, the wet solar battery was obtained about each ot the 
sample of examples 1 and 4 like the example 1 2 except having used the poly aniline thin film electrode instead of the 
transparent electrode (ITO). The light of a halogen lamp (Toshiba Lighting & Technology JDR1 10V 75 WN/S-EK) was 
irradiated through the glass filter which cuts ultraviolet rays 420nm or less into these cells. Consequently, the 
photocurrent was observed. . 
[0035] 0 3g of photocatalysts. the water (pH 7, 30ml). and the magnetic stirrer which were produced in the 
decomposition examination example 1 of the water by the example 14 light were installed in the reaction container, and 
it connected with the vacuum deairing line (500ml). The glass filter which omits ultraviolet rays 420nm or less was used 
for the light source using the xenon lamp (500W). Optical irradiation was started after fully exhausting the inside of a 
system. The hydrogen gas generated every 5 hours was extracted, and the gas chromatography (TCD) analyzed. The 
generation rate of hydrogen gas was 0.02micromol/h. 

[0036] After distributing to the methanol 0.3g of photocatalysts produced in the reduced inspection example 1 of the 
carbon dioxide by the example 15 light and applying to a glass plate (6cmx6cm), the sample which heats for 1 hour and 
cannot carry out fine-particles desorption easily due to 300 degrees was produced. It connected with the vacuum 
deairing line (500ml), after installing the glass plate which applied the photocatalyst in a 11. reaction container. After 
deaerating a system, the carbon-dioxide gas (500 ppm) which let the steam phase pass was poured in into the reaction 
container. The glass filter which omits ultraviolet rays 420nm or less was used for the light source using the xenon 
lamp (500W). The gas chromatography (TCD) was used for analysis of the gas which occurred. When infrared light was 
irradiated and the mixture of gas in a reaction container was analyzed for every irradiation time, it was observed by the 
reaction container visible and that the methanol is generating at 2micro mol [/h ] speed. 

[0037] According to this invention, the photocatalyst which has light activity can be offered and matter, such as an 
acetaldehyde, NOx, and a benzoic acid, can be photodissociated by using this catalyst Application in the various fields 
using light activity is still more possible for the material of this invention. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing 11 The X diffraction pattern of the sample before ** and plasma treatment and the sample after processing is 
shown. 

fDrawing 21 The ESR spectrum of the sample before ** and plasma treatment (anatase type titanium dioxide) is shown. 
fDrawing 31 ** and the ESR spectrum of the catalyst (sample after plasma treatment (anatase type titanium dioxide)) of 
this invention are shown. 
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mta. vsmztitiUkcoMm&tfi v-)v$At~th<wz 
>y%< 1 1> i ottzm-t •sttass-sw-f s . A^ft a 

&tc. ±si*my"7x-?\t. mmzz.*). *.ma 

KWxZ&tsZbhXt. -£<0J: o ttiixb LXli. 

mm. * 9 xmm*mii> z t **-c# & . 
*¥m<?m&mx-i3.. *m-yyx-?±tz\tm*'xmji 

my y X v £ ffl v tfu* . i^iNftlfrNKSXfiS 2r #A 
^^xi)i7t*coit#{ii«^Pil^«A \z<2mT\tt 

0- «^a7E*r9x^t. Bfajcio. ftxr^ajc 



^tWh<50^XSr^-tfC:i:t,T-#, -€"<30J: ofttfxb LX 

it. mm. *9y*?ym*mihzbtfX'%h. m 

U fttfxmjlMy'yX-?izm-&*9y s i?*m(omf 

immx?&<7)mxtz<&m.x'ii%\,\ ^minima, m 
\tmmft<?>$m<w}?%<bh-&i,z. mtixmrn* 
it y £ a * y&x-t & umiz x i x t ssit-r & z b * J r 
**. AfyQixmit. *mt*jamx'&mztix^&ii 
mRvmwzm^xn o zbtfx-z h . «. -f^^^iA 
n&mi . i£A-r^^ #^x^7nm^ * yco&Rimit 
^mm>^mmizx t )mM.mmx'^?>. m. %#xm 
7cmbLXte. mm. ^jvj*. **y. nv^y. 
9VTYy. *±jy. yvy*mihZbtfX'%h 
if. A^tf®%X'hZ>b^om&frt>ii^JVJ±. 
y. TiHymX'hhZbbWt. UV\ *^Bflo 

V vt L ^SS'fb^ ^ v ^ t «« k h z b i> X 

t. limt^^m^zx-oxhwmthzbifx'^h. m 
m. rsnt^yiHSKSETVs tiufmm~?&zb. 
*fctt*«STr. mfMtmmTtTzzbizj:*). mm 

Lt^\z. ztit> mmxf& ^-thzM\\^9yif 
^mfmsTxi&'&^-thmmxbh z t im^tix 
wsrv^. ±iE«i£«±. mm. r j f9-^mzm^9 

y% 1 h-/^TO^^T, 4 0 O'CULhKJnafrrs* 

aT-$,& £ b 3&^-# & . ^^{i. MmmRx/i&mz 

X *0WS&mX'Z 1 V-iVcryM^f. 4 0 0°CT 

«Ma-cii 3 o i Bture* h z t *>*-c^ ^. . 

i 3 ymiLmc^y^ym-ryx^^ii 

xmjtm-ryx-^mmLtz^h^MA^y^KLtz 

zGi-ztmbz&w. )v*i\>mzmtf-9y. m& 

)V3—*7i». mit'^y-J*. j h9yl&x\~uy*h*7Ju 
mh. mmmiz^-txoiz. *.myyx-?*?%sti?.mt 
m7yX~?$m$>2>^iM*yiSiA-tz>zbX'. «iwt 

<?m&?&m.<7)-)mm\z±y)m%&. mwt^-*?j» 

\t. tmWX'ltlb&ifiK W tit < . HfflK 

ivcnmmb Lxmmn^b^t^nx^fz. bzh 
if. xmicowm-mnizj: i^.myyx^^xmjt 
m7yx-?!mhh^\M*y&A-?z>b. -^w&m 

TX-ft&ZG-fhtmbKZ, Z b tfmWLtz. 

x^^^^mjmyyx^mbt^iA *y&xv 

wt<om&/i>3-vj*b®mxm<?&f8U)<m>i> 

mb vxnwmth&tf. w-f miz&\H) { it j <xg& 
tz#>iz%Mmbi,xmmztifcmmi%i>\ * 
m\<vm$mzx y)7Hmyyx-7^/fy.wmyy 
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fcj: 9f8tSix>i««*ffliJ*IiffclWtfci k Sr^SSk 

tiftftfcBti. s*fk L-H4. «i«r. mmmn 

9*^*fflW4£i:T. 1^4ttfHWM&iiifr*%i9i*> 
Srtft&k^S. &#8?«4, iM&ft-^, GmtOrW. 

MU£. «#fl\ &tm. KxtyyiyrfrhoxKm? 

2 t> fc*fMB«*»««B« , ±IB 

MJSa--. y M4. 0U(4\ aEMtjMM07-r^--C 

«>tfM6aBi. flUJ4\ aawrafcii^nyy? 

\^hc\bX\ 'MKKb^WmZHtsyt&mtLtz* 

£&ts£M.zmMi*M:z>zbx\ sssitm^Mimm 

tmb<7>mtmz£ om&wz&tti&ffimo'j?* 
< b i>-&zm&i*-£&zb tfx'% * . sssvma&v 



utomx'foh. *m\c?>j}&£Ki*izmi:m^hzb 

tmtfci*%smj--vh (msh) 
ttmzit&cLbX'. ****«HiiS:**T««^. tm 

b<r>ffl&\z£ 0 . **»««ft*4M!W6 - k A*T'£ 

mz-ktsm-siza. ±.mftmtf&ftLxmL,tiz>zbit 
cot* o . ««^i*i^^sii^a«i±f eco k o x*fo 

[0006] 

mmmi 

T-*-*-4fffiZBHfcf - ^ ( 6 0 * y is itJlT ) 1 

0 s * 2 0 0 m 1 CVft3imKSm\zSm Ltl^Z <KE3k 

smtm*y' : 7x-?&£.mmz&m t . 

TT'SfmL/Sf^. 4 0 0 W<^m«K» ( 2 . 4 5 GH z ) 

i&u&ewwT-i-f— vrnzMit*? y®mz?m u . 

T. H 2 ^X (Si5:3 0ml/») **rttf)flEA**» 

1 h-;Wk5rS<t^<c»ALfc. RJ^WcOT-^^— «f 

WteKWX&Htm* (XPS) WO, ^-^>-<?)2 
Ptfi:i JR$ixS t"-? ( 4 5 8 . 8 e V ( T i 2 P 
3/2)5V464. 6eV(Ti2pl/2)«S 

k^-^yk^Ltv^K^oi sm.^izmmzti&t 

-9 (531. 7eV(01s) fOBmk # 
€>nfcfflWtt(0 1 s/Ti2p) 14. 1. 9 1T'J>o 

m^mmit (Ol s/Ti 2p) {4, 2. oo-c-fc^ 

kH*fc»ffiLJtBB«Jfc (Ol s/Ti 2p ) fc. 1. 

(O 1 s/T i 2 p ) tctSHW4=S:*'ofe. 4fe s ±K 
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[0007] mmm2 

T1~ -9 —- te'MZlBHfcf - ? (60^7 i^^Xf ) 1 

o g £ 2 o o m i (VEzmRmmzwm ut. 

r-tift^LfcflL 4 o o vfcowsm. ( 2 . 4 5 GH z ) 

TfV^yijX (SKSS: 10ml/*) Sr^^ffi^l 

— fefM-Hftf-^^^SrJSfft^r*^ 1 2 O#f§!*031 

^vrT«0Sf5vt,Br*eu^«Ssr*SK^i h-/i^±# 
•Ti»<OJc4 0^$r^L7t. UfeWirt^-^M 

^?>lft*£xtg7tm^^>£«;:j:0. ^-^>-co2pm 

^-WSJgSft&t-? (4 5 9. 5eV(Ti2p3/ 
2) St/46 5. 4eV(Ti2pl/2)<7)ItJ:f 
*i"i:*S£ I/O 1 8«^K»«Sil6e-^ 

(530. OeV (Ol s ) tfOSSti: %btl 
tzW&ik (Ol s/Ti 2p) te. 1. 89T'S)o3t. 

<7«RJt ( O 1 s /T i 2 p ) l±, 2. OOT'&^fc. 

mzmfeirtzmtitc (o 1 s/t i 2 p, ) t>. 1 . 8 9 

x-foitz. ££>fcr. c:<7)sef4oi*^m<7)ffi»Jt (01 
s/t i 2p) fcfcswui*a»-»jfc. 4fc. -tffir?* 
•7«wi!r<r>iWa^*!Si«W)K»* x«gi««lifc ft L 

C0008] mmms 

mmtmftX'b i-rt^- -if ontf * ><nmmiz 
^^wtm^ ^y^mx-ttumizx h*%mv>tm 
nw&umiz^xmw-t& . 
ns§ : «wra>f yi±A^a a**^aw ( 1* ) sul 

VAC IKX-7000 

-e^f* fln&S ( fisSmffi 1 0 0 k v) (cj: OflnSfi 



?-y 7 h:ST-0 1 0. 2 g$-itfS6cioc0^7^. 
*g (0. 2mmfgj£tf)/I*T\ #7XiCHf/S?D^ 

xmz-£m%mn i m&cr)tzib) \zmtin,izi><r>. 
rnazz*). i-?ycv2pm : r-wmzti2>v-? (4 

5 8. 6eV(Ti2p3/2)&(/464. 3eV 
(Ti 2p 1/2) «9®8U:?-*>'i:IS£-LO^i>I&^ 
0) 1 s*?fc»«S/l6l?-? (529. 7 e V ( O 1 
s ) cOffi^i Sr*»fc. #^tL3t®aJt (Ols/Ti 
2p)I1 1. 7 6t'S>o/i„ ffi. /7X"?)iraL^^ 

Ti-*--mzxtiM-?vti*.tomwt (ois/Ti 

2 P )»i 2. 0 0tl>^. tfz. IjHBI 

*&wzfts.Ltzmz±sibmm\zmz.LtiMmit (o 

1 s/Ti 2p)i. 1 • 7 6T»ofc. $<b(C, d<0 
fSf^m^/if&cOEffJt (Ol s/Ti 2 P ) {Ct^fL 

[0009] mmm 1 ( r-t h r/i^b F*>TTa#»= <* 

(6X6 cm) fcSfcffiLfcfctf). h&\mmMM3X'ft 

mm. < 1 . 9 u <y wu) rttwi&Ml.T'i. ymnzwwy 

y7yr(I27^(f'y;JDR110V 7 5WN/ 
S-EK) SrfflW A^420nmOT^^h*S5r*-y 
b-TStf?;*.? (4"L*£: 1 0/7/U 

gJE2Sf*l«ci£Al/0 J?r5£ii* (lOOOppm ) O&J&tfx 

t ttz. T±hT>i^rt}<imm*mizmLt:t£, mm 

■i — (FID) X'ftm Liz. fflffitkcOT* hT/l^b 

mi tLxmizm-. 

[00 10] 

tm] 





(4 2 0 nmKT* y H 






4 0 0 p p m 


1 2 0^ 




3 3 0 p p m 


? 0# 


5feiS<?l 3 


5 2 0 p p m 


60» 


Jfc«0IJl 


0 p p m 


120» 



[ooii] ±iea i iZTp-tmm^. *%w<or-t? 
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[0012] 

t+9~ *§Limti-?>®m (GBKim (mm. s 

T-0 1 ) 5 g£rtf!5 cm. 1 00cm«05^3 
$IM2-^«t. RJt-W^rtSr^S^vr-C'O. IMP 

tTm%Lttk. 5 o o wwmsffis (13. 5 6 mh 
z) £RjWrt^T^:?-*SLZBHfc?-*>^fc:s!8tt 

L. H 2 #.x (g£g2r 

500ml/*) ^rttfOEJjtf&l h-;Ut«J:3 

£$K#L&**£3 0#|SM!UlLfc. ^^oAHtcJ; 
*»*Bll8»K: J: 4 0 O'C^^U -?-<0iS 

r?>V&Zxm%mirtii}tm (XPS) fcJrO. 
>-C02 pm-?W»M$iXi.t'-^ (4 58. 8eV (T 
i 2p3/2) RX/464. 6eV(Ti2pl/2) 

iXl»b--7 ( 5 3 1 . 7eV (Ol s ) <75HJf fc 

7t. nt>tltzW8tit (01s/Ti2p)ll 1 . 9 4 

^Vgfcfc^ffilfJt (Ol s/Ti 2p) (i. 2. 0 0 

fcJJEt^HH=»3eUfcBBItJt (O 1 s/T i 2 p ) 
t>, 1. 94T'3i-3^. ££>JC. £<7)f*|S|<7)l#J|f&<7> 
ffiSJt ( O 1 s/T i 2 p ) fcfcSHfc«:$:0»->fc. * 

x^wmfficom® ( a > avajustfttfosiB ( b ) coxm 

fc. Mm±. (0. lTorr) . 77 Ktfio 

waft 7 7k 

7 4-)VY 3 3 0mT±2 5mT 
TtSB^fg] 4# 
Mod. 0 . 1 mT 
74 V 5x10 
;\-<7— 0. lmW 

?4<uayx?>h o. 0 3& 
iSE7klB5 >-7* 5 0 0W 
74/1^- L-42 



C gffitfOftfiO 

Mn!*?-^- (g on =l • 981) ZgmtLT 
g = ?.,XH„/ (H on +AH) 

H on : Mn!*-?-*-OliS, AH : H on ^£><7>fiBi§<9 

"f . 0+ ( a ) *<BfHTTC0E S R^^; h/K ( b ) 
#4 2 0 n mOT<93£ ( 5 0 0W^E7)<®7>-r$rfiB 
ffl) ^7W7^1/^- (L-42) Srtf-LTftSS 

-?wm<otm<7>E s h;i-5r^3«c^-r. 

( a ) #H§||TT'<OE S RXs<7 h/K ( b ) #4 2 0 
n mWT^ft (500 WCD^EE*&7 ) 

7m7^;^-(L-4 2) £*-LT3fciWtL*:# 
ST^LTtESRX^ h/K (c ) #7 4^:?- 

(l-42) atz-r izmm L^wsxmm ttz e s 

RX^?V)\sX'foh. 02t03JC^-TESRX^ h 

2. 0 0 3~4»cW^W^^^;^*U, U)>t>.I?) 
i-^/Mi, 4 2 0 n mlilT^Sr^ •/ h LfcMSSStT 

*~&5Lzmtf-f V > «±, 4 2 0 n mtUi^^T 
3ME#«M<$r4s«2. 0 0 3~4<c^^/^ffi«J$ 
*vfc. £<0*»-3<r<oe-?tt. i*|sf£ 1jI|S]7\ 

fc. Hit«4<7)M«{i. glttfl. 9 6l;y/t 

[0013] KK01 2 (NOxBHfcjSttfflfig) 
SOt«4-CffiKU3t«SO. 2g^75r-5XrU-h (6 
X6cm) izmifiLtli><?)Z;Uls yi7X (mmm) 
tfyXWmitm& (rtil60mm, S?2 5mm) F*I 
KISELrt:. 3tjSW=<4 3 0 0W^-fey^7VrS:ffll\ 
B*4«£«l8SraaiK J: 0*«[B2 0 nmWfMt L 
T. **!H»Ljfc. ±8EEJK8H»fcffl«OXRHWBH»» 
Jfe£M (NO : 1 . 0 p pm) S- 1 . 5 U y h/l^frcO 

sercitflWKcfti^ l , RjieaiP t-fctts n o<o$u£^ 
fbeffitcioaseufc. 2 4B#^cot-^-<a^m<s 

^2tc(i:. ItMWfitb. mnt LXWSLtitm ( ST 

-oi) 

[0014] 
[312] 
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(nm) 


3 6 0 


4 6 0 


5.6 0 




NO^$ (%) 


mm 4 


2 8. 7 


17.1 


4. 7 


c s t - o i ) 


2 8 . 1 


0. 2 


0 



[0015] ilea* 2 K^-r *mxoTi-9 
mm (zm&Hwyy^) ^< 1 1, 5 6 o n 

^< fc fc 6 0 0 nmSWifKi -p T MfilStf [3*1 

[0016] tOftffl 3 ( $ JMHttfeHttgKlfc ) 
Hifcffl 4 Tf£S8 L T^tS** 0 . 02gt0. lramol/ 
1 25ml l"y ? XSiEJE-fen- (40m 

1 ) KA*U V^f-y^^^-^-fciOflBfLfe. 
3teaSB4. WEBHEBfcJ: 0«*5 0 0 nmt'7 OmWfc 

^vrfc»E-t/KDEJ5t«. 1 Ocmt=5r&J:3tffiB 

-*JBv\ K)W»«? hUt. 1£«&2 4B* 

ISHWU namSS*fc«. #£4 8BMBHg9tl,KlK 

RJ6WkRiBSW)Jtl»±, ^raa^HKWR^ 

<&#S^#fiP£« 2 0. 4 6 %T'*> -j tz . N4 . ig« t L 
[0 0 1 7] 

Ti-f—vMzMfci-fywm {^mmm (»> «st 

-0 1) 1 0g£4 0 0m 1 C05H^RJE1 : (CIRSL 

l*lSrS[^V7~rSPMLfcf*s 2 0 0WO3B8S ( 2 . 
4 5 G H z ) £Ri6*|*J«0Ti-*~tfS^Kfl:f-* V» 

*Jt. -eLT. H 2 #.* (siLft£3 0ml/fr) 

±M-th<n£.4 0ft*mLiz. nt>titzT1-?-*£mz. 

xmjKMrFttKfc (XPSJCiO. 
f-^>-<?)2pl;^WfJS$tl.l.t-^ (4 58. 8eV 
(Ti 2p3/2) &X/464. 6eV(Ti2pl/ 

2) <owmti-?y£m-&Lz^z>&m(r>i stftf 

JK£ftS^-? (531. 7eV(01s) vmMt* 



&#>tz. n^tUzWmit (O 1 s/T i 2 p ) lis 1 . 
f»5|«OHfflUt (01s/Ti2 P )tt. 2 . 

oo-eawc. £<osmsr iaia^4>tst«u 
fc«KjjEi:HaM=«jeLfciifflWfc < o 1 s/t i 2 

p) 1. 9 2T*-pjt. •I^iS^l^ 
flOTPfSJt ( O 1 s/T i 2 p ) (=t>3^Wi=5:*»ofe. 

?—mz.m&? y > a, at«4tH«tgi2. 

0 0 3~4tc^^;^'SSI$iXit„ £^lc. 

tmsiaia^+fciwufcfc, assist* 

tfl . 9 6 \,Zi/y-i-)V*7F?7 i 3t fc»«s*i..s J'?'-*- 
[00 18] HMM6 

Ti-?—eMzmfci-*y®* <ek8* <so «st 

-01)4gi200ml tt%iWmmmzfR®L?Z „ 

*VTT'0. 1 h-/H3lTfc'S:*4T»»Lfc«. SpM 
STRJEB^rk 4 0 0*CtC#SL/i. jDf»»4 0 0°CSr 
l«HBILfc. =5rfc, «ffl<t«ttv X&#y7-vmgte1R 
It. 0. 1 h-;WJlT*IB*Lfc. 1 «Biafcl8fe<0« 

t8*« : F»*ffifc: J: 0 . f-fiyco 2 Plf (=AH$it& 
t— ^ (4 59. 5eV (Ti 2p3/2) SI/ 4 6 
5. 4eV(Ti2pl/2)(OltJ:f^yJ:M^l, 
TV^S^UOl s^WSEStL&t-^ (530. 0 
e V ( O 1 s ) CDWmt #f>^cfflSJt ( O 

1 s/T i 2 p ) ti, 1 . 9 2t*->fc. j^. 
«fflU«:V^r^^— »fffiZlMbf-^>«3l50HWJt (O 
Is/Ti2p)(i, 2. OOt'J)^. 4>t. CICOSS 
«^ 1 3afa^4>^K® L^mtc±iet RfilCfflS Lfz 

sajt (oi s/Ti 2p) i>, i. 92-eawc. $ 

iOWBOia/ifcWBERJfc (Ol s/Ti 2 
p) fctJE-ftti^-sfc. 4t">:. ±lBr5Xv5aSKf<7) 
M«RV^»OliW*X*igjftSIIKftLfelS*. 7" 

7X-?mm<7)mm/mx\ ri-?-*£mz-mti-?yi.z 

$tftl±M.t>ixtcfr->tz. 
[0019] ISHOT4 (NOxIWKiSffiBJje) 
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tm>m 2 1 wmn&fr-cmmm e Tim Ltiwrn^ n o 



[0020] 
[i§3] 



(nm) 


3 6 0 


4 6 0 


560 




NO^** (%) 




18. 3 


16.2 


4. 7 


mn <s T-o i) 


2 8. 1 


0. 2 


0 



[002 1] Hfftffl 5 ( £^#B!^ffl5£f*i§& ) 

mz& «■ h ^MMm^mma 1 5 . 4 2%t*o^ 9 

[00 2 2]H]!ft^J7 

r^-^— tfM-^^^v^* (sjmst («) si. s 

T-0 1 ) 5g^ffil5cm, 1 0 0cmOT» 
>U£T$mLtzm. 5 0 0W<7)WMfc < I 3. 5 6MH 

z) ^RKw^^r^^-^M-s^^y^tcMit 

L. 7"7X7^4$tt, <^LT. HztfA (SSSS: 
500ml/#) ^r^rtcoff^^l h-JUbKhXo 

^JS#t^^3 0^P H 1J0aL^ o ft. -^oA^J: 
iffifiiMW-J: 9E3S«fiS: 4 0 O'CtCjlfflfcU 

**Eira!ia4«*8»ufc. f# 6*ifcT*-*- j esawfc 

f ^yfa*^x«tf MS ( xp s ) CJ: 0, 

>-^2p«^WSJS^tl^b°-^ (4 5 8. 8eV (T 
i 2p3/2) S.t/464. 6eV(Ti2pl/2) 

fl& e-7 (531. 7eV(01s) OffiStfc 

fc. »feftfcffl»(Jt (Ol s/Ti 2 P ) te. 1. 51 

Tfo^tz. ft. r^xvjsiL&vvr*-:?— tfSf^SHk 

f-*^»*^ffifltifc (01s/Ti2p)H 2 . 0 0 
T*S>ofc. £fc. ^OS^Sr lilBbW+icSBtLfca 
\z±Mkmmzm%LtzM®.ik ( o l s /T i 2 p ) 

t>. 1. 5 1tftofc. 2£tC CK7)KiPk01*fla<!0 
Hit (O 1 s/T i 2 p ) fcfcSMfctt&a»ofc. 

[0 0 23] mmms 

*$^&?*Zr0 2 2 g^28 0ml^5^i!RJJB«^lR^ 

( 2 . 4 5 GH z ) €-KJCWrtc0^3-Tl»*^g?Jt 
LT. H 2 #X («SS:3 0ml/#) £Jfc|*jeOJE;W s 
r«*«r«B*L«:^4>3 04MB»HiLfc. *<0*S*. » 



uRfe<Z)»tt*»fc. WfeiifcKft^a-^AKfiSr 
XtR^m^^HtffitwiO. ^r?-^A03dm^WS 
RSiX&tf-^ (182-183eV(Zr3d5/ 
2) S.t/1 84-185eV(Zr3d3/2) OMS 

*t&b°-? (530eV (Ols) (DM&tZl&tbtz. 
nbtlfzWmt (Ol s/Zr 3d) fcL 1- 9 8T'$> 
ofc 0 ft. r^XvffilL^vMy/^^^AK^ 
ffi«Jt (01s/Zr3d)H 2. 0 lT*ojfc 0 4 

fc, z<Dmmzimsj&wz^Ltzmz±mtmm 

(CfflSLfcffiHUt (Ol s/Zr3d) fe. 1. 9 8t 
J>ofc 0 icoSEJPkol*^1*omiJt (Ol s 

/Zr3d) tfcSSfta^ofc. 

[0024] mmme 

mmmsTmmLfz^m ( o . 2 g ) ztf^xmuuit 
v-m%.mmw: ( 1 . 9 y ^ wio rt^nt^. 

(Cti^a^y^yr (m^^^T-'v^JDRl oov 7 
5WN/S-EK) £fflV\ ^3 9 0nmJaT^ 
SSr^yh-r hflv^y 4/k?-£fflv^fc <+'i>3fcJ£: 
iott;^*) o *rt£*4Nc#«Lfc«. r-febw 

ft H SrRESSrt ^SEA LT . BtS«K ( 5 0 0 p p 
m) ^Rffixr^fcLfc. T-fehT;U7 s bH36 s «* s FWfc: 
»Lfctt. *!BltiBI§»Lfc. RJB<TX«. W^D7 
-f- (FID) TMUc, 3KBaStBB»l 2 0 
MW-fehr;l/ftH^4l:^f 0 *fc. ttM&lt 

R8»BH4ftl 2O#f^T*hT7l^bb*£a05£U 

[002 5] R8fcffl7 

IU«M8-CiBi!LfcK» ( 0 . 2 g ) i^7X8^y 
•v-S!RJE3e!t ( 1 • 9'J«yMH rttRlLfc. 3fc» 
fcittr 9 7^7>r( «*nE90fcft£*t H 1 1 0 B 
L) £fflV^fc (UVSfiJK: 1. 8mW/cm 2 ) 0 

rtWiALT . ftftSSJg ( 5 0 0 p p m ) <?>RJE^fc 

Lfc. r-b hr/u^b H^is^ffi^sufcf^. 7t¥Jt 
*BBttLfc. RJ£#xte. #x?trrh^:7 4- (F 
ID) T4MffLfc. 3KJfMtRB&l 2 O^cor-bhT^ 

f i bHSUE^4(c^o *fc, immtLxyyx-? 



(ai)>01-212457 (P2001-21JL8 



0#»*>T-fehT/krfcF£»eU tt***4fcl* [00 26] 

[«4] 





(3 9 0 nm£JLT^tx M 




30fe0!8 


2 6 8 p pm 


2 5 0 p pm 




4 9 9 p pm 


4 9 8 p p m 



[0027] ±12^4 VZjtcfWS^h . *WmWBCti 
[0 0 28] 

H*^f^Ti0 2 (MT-5 0 0B) 2g£2 
8 0 ml ^qS^I^JfrgWRS It: ^^IKJEWSr 

4 0 0WC0WH8R ( 2 . 4 5 GH z ) 

J;ot77X7«^^. *LT. H 2 #X 
^30ml/#) ^^ffMSlb^i:^^.):^ 

Wit, ;w^;WMZiBMb^ 9 v tSMWiftfeit***^ 

ftffifcicfcO. ^^>-c7)2pm^C!lfJg^ix^t 0 -^ (4 
5 8. 6eV (Ti 2p3/2) at/4 6 4. 2eV 
(Ti 2p1/2) ^B*fcf-*Vfctt^LTV>41« 



0)1 s«*fc»»5Jl*tf-? ( 529. 8eV(01 
s ) <r>mkh **«>fc. »£>ixfciE»Jt (O 1 s/T i 
2p)H 1. 7 4tft^ ft. r^xvsiuiusr^ 

flr+tl>mZM&tk*f >ffi3k<7M»it (01s/Ti2 

P )tt. 2. 01tfco/i. sfcfc. £<oWH£iaia*: 
Lfc«fc±Ek H«fcffl)e LfcBfflUt ( O 1 
s/Ti 2p) 1 . 74t*ofc. vlCOlS 
Jfltf) 1 SWOffiWit (Ols/Ti2p) fcSMfctt 
±IE*i£fc J: OWSLfcKS ( 0 . 2 g ) £ 

R110V 75WN/S-EK) SrfflV\ *^3 9 0 

fc 1 OTJA^X) . ^WSr^JH-SB&Lfc 

fife. T-fehT^ft F£RJ^SW-&ALT. BBS* 
g(500ppm) <0RJ&!f*i: Lfc. T-fehT/Uxb 

^D7h/77>f- (F ID) * 

[0029] 
[«5] 





<3 9 0 nm£JTF#$' TO 




2 6 4 




3 0 2 



[0030] ±im 5 t^^-Tte**^ . *56^»5t^r 

USLfc**, HfiSCT3c0Mt4^1t^Tll^o^. 
[003 1]Sg*feffU0 

mV^7-*?& (Hf 0 2 . F 1 ukaBL I$J£9 9. 
8%) 2g^I2 0 Oml^^^SRjS^^lR^L^o 

«ffi#vrt?«WLfc«. 4 0 0W(7)mB^ (2.45 



ghz) zfrm^ftcvrnt^y-v^ffiMzmsiL. t- 

H 2 #* (aa^VX^n-^-^-t^J: 0 3 Om 1/ 

ftizmm) z&ft&R^&ih-juktc&xottzmx 
mizxmytnTftftmzj: o . A7-w^ft? 

£»*S*l*t:-? ( 1 6-1 7 eV (Hf 4f ) ) CO 

(530eV(Ols)) (?)ffiSi:$:^ 
fc. WfeflfcHWt (Ol s/Hf4f ) tt, 2. 15 



(€L 2 ) )01-2 1 2457 (P20 0 1-2 1JL8 



<nmntt (Ol s/Hf 4f ) tt, 2. 2 0t*^^ 
«KHffiLfcB«it <01s/Hf4f ) t>. 2. 15 

T*ofc. s&fcr. zamnitRQwamt (01 

s/H f 4f ) fcfcSMfctt**»ofc # JJHrttfcJ: OP 
(6cmX6cm) fCttffiLfc. ^<?)*f y Xfc* *} y X 

■^s^-SKjEWt < 1 . 9 y * wio wctssu 

OV 7 5WN/S-EK) £JI?V\ 3^4 2Onm0 

mz&ALx. mmm. < 5 0 0 P P m > <oEj&#xb 

fcHB&Ufe. RJE^ti. ti*9xr?Y7*yy 4 — ( F 
ID) T#»Ufc. 3M»9 0M^)7-bhr;Pf 
bF»JKtt4 2 0ppm-Cftofc. ft. *^tf)Rft>N 
7-^A»5K0. 4g£H«fc:LT^UWvr/Wc 
owe fcKKSrtr^fc^ *»8lrtWfcrrHs hT/l^rt 

C 0 0 3 2 ] SSSfe^I 1 1 

f^VRXhoyfW (SrTi0 2 , Aldrich Chemi 
cal Company SL 5$ ? 0>«T^$ffSs *£S9 9 

nEnamxm* y-yx^fttmmz&m l . mftzn 

QKyyT^mttz®. 4 o ow^tss ( 2 . 4 5 G 
Hz) ^^^rt^^y^hoy^^ju^^s?j* 

Lt. H 2 #x (Si^-e^7n-^-^-^ J: 0 3 0 
ml/*(;il) £»rt<0£E*#ttl h-/l^$r£J:d 

fc. **)8SL *lB36»Rftfc*-9fctt*t»fe. JSLhfc: 

^S(6cmX6cm)l:i^U% ZOtfyAlRitf 
7Xi^;Py>-I^t ( l . 9'J7 WU) rtteK 

lUo s^Anyy^yr <jfcs:^>fT"y?JDR 

1 1 0V75WN/S-EK) tFOA 2 0 nm 

fc) • 3Rrtt3t»fc:*BRLfctt. rthr^fth^R 

JSSSrtCcaALT . ( 5 0 0 p p m ) <0£cJ£ 

— - ( F ID) T4Mfr Lfc. jKftSttffifee o^aor-t h 

Ksa&u 5 o ppmt^fc. ft. wmn 



[003 3] ftjftffll 2 

>?V3-;i'bT*h>'bm&L. m*mm (i to) 

uL2 (NCS) 2. L = 4, 4 '-S^MMf^- 
2,2' -t'Xt'Uyy) Sr^W-r&^^^-^SJR^ 

aattfc. »fefLfc«Kt:, o. im3^w«jw* 

( I TO) £«JIU flH*«ircH5EU S^^S 
*S:»fc. 4 2 0nmaTW^^7 

7>f T"y?JDRl 1 0V 7 5WN/S-EK) <7)3££ 

LTa**HWKBSf^KLfc. £<a«ftte. 4 20nm 
uYvyvy (JK&yJ T^y^JDRl 1 0V 7 5WN 

/s-ek) <7)3tt!H«Lfc. ftnaumu 
[0034] mm 1 3 

*ffi<bLT. ( i to) ^ftbOfcr^yr-y 

S^WmffifcHSfeW 1 SI/4 coifiS^)^ n^Piifcov^ 
Tt#/Co Ztlt><OWbfc. 4 20nmttT^«l^*a^ 

^^7^y?JDRl 1 0V 7 5WN/S-EK) <03K 

[003 5] mm 1 4 

mmivtmLtiximo. 3s.*(pH7. 30 

m 1 ) 2iVv^*f-'y^^^-^-S:RJES*rttcaa 

S^Iftm^-f y(500ml) t3»ttLfc, 
ti^^ry y?y7 ( 5 0 0W) S-ffltv 4 2 0 nmjar 

^L^/K^x^fiaXL. ^P7b^7-f- (T 
CD) T4Hfr*frofc # >WR^co*«aLKttO. 0 2 
//mo 

[0036] Htfe«l 5 

amy &zj^o>aii<oaKaK 



(tL 3 ) )01-212457 (P2001-21JL8 



U7XS{6cmX6cia) izm^ittiik. 300&X' 

i mum L®#fmuz < v ^*mt urn l*s . 1 >j-y 

f~zm. I2K7-fy (500ml) KSSRLfc. 
BMRUfcSk. 7W!S«ffl*aLfcZMft««^ (500 
Ppm) fcRJB&fSrtCiiALrt:. itHtCWtff-fey' V? 
>7 ( 5 0 0W) 4 2 0 nmOTO^HS^^ 

SfC(i»7n7h/77^-(TCD) SrfigfflL^. 
^2 ^ mo l/hoaST'£)£LT^£ifc#ffi$!ISil 



[0037] stage JriUT . «r«#iStt*tf**#« 



[Si] 



« 

8 



< 


i 




i A A A. 





10 



20 



30 40 
29 (degree) 



50 



60 



go mnmn tic^cst-m) 

(b) aftiWf^^^ia^x^ftaufc*© 

[02] 



(a) 



L 



g=2. 003—4 




(b) 



I_ 



6=2. 003—4 



^^^^ 



(?L 4) 101-2 1 2457 (P2001-21JL8 



CH33 



(a) 



g=2. 003—4 



0» 




(c) 



^ ^ g=2.003-4 



(51) Int. CI . 7 
BO 1J 



CO 1G 
CO 3C 
HO 1 L 



35/02 

37/02 

37/08 

37/34 

23/053 

17/25 

31/04 



ZAB 
30 1 



F I 

BO 1 J 

CO 1 G 
C03C 
BO 1 D 



37/08 

37/34 

23/053 

17/25 

53/36 



5F0 5 1 



H0.1L 31/04 



A 
J 
G 

1 0 2G 
Z 



OimftMZM^ WBT10-339772 



(32) ftftB 

(33) «jblt±58HI 

(31) f£5ttfcfe5S#^ 

(32) ffi5feB 
<33)ftjfc*±5HSI 

(31) #5fcfc£5I#^ 

(32) <£5fcB 

(33) ^^c«^5glB 



WtlO^ll 30 B (1998. 11. 30) 
B*(JP) 
*»FP11 -64665 
^11^3^118(1999 . 3. 11) 
B*(JP) 
«PIB¥11 -208138 
^11^7^228(1999 . 7 . 22) 
0* ( JP) 



(& 5) ) 0 1 - 2 1 2 4 5 7 (P2001-21JL8 

F?-i*<##) 4C080 AA07 BB05 BB06 CC01 HH05 

JJ04 KK08 LL02 MM02 
4D048 AA06 AA19 AA21 ABOl AB02 

AB03 BA07X BA13X BA41X 

BBOl BB03 EAOl 
4G047 CA02 CAIO CB04 CC03 CD02 

CD03 CD07 
4G059 AAOl AGO EA04 EA11 EB09 
4G069 AA02 AA03 AA08 BA04A 

BA04B BA14A BA14B BA16A 

BA48A CAOl CA07 CA08 

CAIO CA11 CA13 CA17 CG3 

EAOIX EAOIY EA08 EA14 

EB18X EB18Y EC22X EC22Y 

EC27 FAOl FA03 FB29 FB58 

FB80 FC07 
5F051 AA14 FA04 FA30 HA15 



